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I, GtEBald STitBCKER, a German citizen, 
of Oberstrasse 13, Darmstadi^Eberstadt, 
Germany, do hereby declare the invention, 
for which I pray that a patent may be 
6 granted to me, and the method by which 
it is to be performed, to be particularly 
described in and by the following- state- 
ment : — 

The present invention has for its object 

10 a change speed gear ope rating by friction 
and adapted to provide a continuous 
change in speed ratio, of the type which 
includes in principle two concave faced 
bevel friction wheels arranged cqaxially 

16 with one another with their smaller ends 
adjacent and serving respectively as a 
driving and as a driven wheel, the wheels 
being associated with one or more convex- 
faced transmission rollers engaging 

20 between them, the axes of which rollers 
are tiltable about centres outside the 
plane or planes on which the respective 
roller engages the wheels in planes con- 
taining the axis of the wheels, in aceord- 

25 ance with the speed ratio desired, which 
ratio is determined primarily by the rela- 
tive diameters of the tracks on the driving 
and driven wheels with which the rollers 
engage, and the wheels and rollers being 

30 of hard material and the concave faces of 
the wheels being of less curvature than 
the convex face of the rollers so that a 
substantially point contact is obtained be- 
tween the rollers and wheels. The frrc- 

36 tion wheels and transmission rollers are 
bodies of revolution, the peripheral sur- 
faces of which are generated by curves. 
The generating line of the concave section 
of the friction wheels will be termed here- 

40 inafter the definition generator, while, in 
contradistinction, the generating line of 
the convex face of the transmission, rollers 
is designated hereinafter as the trans- 
mission generator. 

46 Such change speed gears are already 
known and heretofore the transmission 
rollers, w hich are generally of spherical 
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form, run permanently on a single track; 
in other words, the same point of the con- 
vex transmission generator is at all 50 
adjustments always in contact with the 
corresponding points of the concave defini- 
tion generators. It has also been proposed 
to use transmission rollers provided with 
narrow projecting straight section trans- 66 
mission tracks, said tracks beinj? of a hard 
material and being adapted to impress the 
softer material of the bevel wheels, or 
vice i?ersa. 

But even in the case of convex trans- 
mission generators the actual contacts are 
always obtained by flattening of the mov- 
ing members over a surface, generally 
over an ellipse, so that the track on the 
transmission roller does not correspond to 65 
a line but to a narrow belt-like strip. One 
drawback of the prior embodiments is that 
while the operative surface to be con- 
sidered changes for the definition gener- 
ators at each change in the transmission 70 
ratio, it always remains the same for the 
transmission generator. The transmission 
rollers ore thus permanently subjected to 
stresses at the same place and are fatigued 
much earlier than the bevel wheels. Any 76 
damage to the operative surface of the 
transmission rollers will, however, 
rapidly destroy the co-operating running 
surface of the bevel wheels. In order to 
increase the load capacity of the rotary 80 
members, it appears of (advantage to 
equalize to a large extent the radii of cur- 
vature of the transmission and definition 
generators and thus to obtain a rolling 
track which is comparatively broad and 85 
has a corresponding load transmission 
capacity. However, this by no means re- 
moves the basic drawback that, in contra- 
distinction to the bevel wheels, the trans- 
mission rollers are always subjected to 
stress on the same track. The pressure of 
the transmission rollers against the bevel 
wheels is limited by reason of the heat 
produced at the contact point due to the 
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relative movement not being a pure roll- 
ing movement. Tke construction gener- 
ally used in practice where the definition 
generators are constituted by arcs .of a 

'5 circle described round the centre of rock- 
ing of the transmission rollers f generally 
lias, it is true, within its range of adjust- 
ment, two positions for winch tangents 
to the points pf contact pass through the 

10 meeting i>oint of the axes of rotation of 
the members rolling over one another so 
that the movement is then a pure rolling 
movement. The departure from such con- 
ditions and consequently the rubbing due 

15 to relative skewing at the points of contact 
become all the greater the greater is the 
range of adjustment required. The heat- 
ing becomes the greater the laTger the 
contact surface, obtained "through the 

20 pressing together of the parts rolling .on 
one another and their elasticity, in other 
words, the greater the sliding paths due to 
the movement not being a pure rolling 
motion. 

23 The development of the art has accord- 
ingly led to the use of rolling members of 
great hardness adapted to carry consider- 
able loads, i.e. to surfaces of" hardened 
alloy steel so as to keep the contact areas 
80 small. Further, in order to obtain pres- 
sure ellipses "whereof the major and minor 
axes have lengths that are too different 
from one another, it has been necessary to 
reduce the pressure of application between 
85 The different parts, as compared for in- 
stance with that used in _ standard ball 
bearings. This reduction lias "become all 
the more necessary, in order to avoid un- 
desirable heatimr at the contact points, as 
40 the range of adjustment of the change 
speed gear has increased with the develop- 
ment of the art. "As heating still took 
place on account of movement which is 
not a pure rolling movement, it became 
45 necessary, in order to protect the" surface 
hardening of the rolling paths, to use cool- 
ing means for which nurpose fluid, oil was 
used as required for lubricating the bear- 
ings. Such oil baths reduce the fractional 
50 coefficient however and consequently the 
load capacitv of 'the gear. Th* fractional 
coefficient also decreases rapidly as the 
peripheral soeed increases, due to the 
adherence of the oil and consequently 
°5 there are limits to the increase of the 
speed of rotation and to the power 
capacity of the frear. It has also been 
proposed* to provide change speed gears of 
the type disclosed with definition gener- 
60 ators no longer constituted by arcs of a 
circle but bv tractrices "and to secure the 
spindles of the transmission rollers to a 
cruidewav cnpable of hein<r shifted along 
the common axis of the bevel wheels in 
65 order to adjust the position of the trans- 



mission rollers. It was supposed that this 
would constrain the tangents to the defini- 
tion generator Jfor each pair of co-operat- 
ing contact points, always to pass through 
the corresponding intersection of the axes 10 
of the transmission roller and of the bevel 
wheels so as to satisfy the condition for 
a pure rolling movement. In fact, this 
condition is satisfied in such gears only 
approximately within a very narrow range 75 
of adjustment. And even this result is 
obtained only through the clastic, engage- 
ment of the transmission rollers, in other 
words, through a variable spacing with 
reference to their guiding point and thus 80 
by abandonment of pure rolling motion. 
In addition, one of the two surfaces roll- 
ing over one another, is made of elastic 
material. Without such resort it would 
only .be possible to bring one pf the two 86 
sides of • the transmission rollers into con- 
tact with the bevel wheel, the other side 
interfering with the other wheel. 

The arrangement for obtaining the 
operative pressure in recent embodiments 90 
effect not only an elastic engagement be- 
tween the parts, but also pressure by a 
wedge action m order to adjust the opera- 
tive pressure automatically in accordance 

e torqUe - . Fhrtt « p . pressure com- 95 
S^ g .r DS ^ been developed for ' 
ensuring the same pressure at all points 

0W ^ Wec * running surfaces 
SS£ ar ^ n ^ m ^ are of primary im- 
portance m achieving utilisation of trant 100 
«"» <* «»• ™*ary roller Speand 

SSL?"* a £P\ lc * tio » »as alloW the 
general practical nee of such change speed 
gears. However, the stress to which the 

X; • Sa . me inning track, the re- 
duction in the load capacity i n the ca£ 

lLTn^^^.^ ^i^toent due to the 
low load capacity at the narrow end of the 
bevel wheels, and the necessity of pro- 110 

Zt? g J£ ° + S ^ ^ Wened slef£ 
used with the objectionable consequences 
of the- presence of such a bath, are all 

SXiPK ™? C0 *? idera Wy reduce the 115 

S£ a *P lic ^*>* of rotary roller 

change speed gears. 

a Present ^vention overcomes these 
oWbacks by the use of transmission 
rollers, the operative contact points of 120 
^nich vary in position during adjustment, 
£Z T ^running on different roll' 
rng- tracts at different ratios of ' trans- 
mission. The result is achieved primarily 
°7 ffryi^Sr a suitable shape to the defini- 125 
*ion- generator, and to the transmission 

EXT** a8S ° ei ? ted if required with, 
further features to be disclosed herein- 
alter As a transmission roller of anv 
desired profile - moving over definition 130 
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generators forming a common circular . one bevel wheel and more slowly on the 
profile operates permanently along: the smaller diameter on the other bevel wheel 
aame rolling track, it is necessary tu de- than would correspond to the mere tilting 
part from the common circular outline, of the transmission roller. This results 
5 as was almost exclusively used heretofore, in greater distance being kept from the 70 
The necessary profiles are determined as narrow end of the beve] wheel, which 
disclosed in detail hereinafter, profiles of narrow end cannot carry so great a load 
many kinds being usable. It is possible by reason of its great curvature (small 
to use foT the definition generators cir- diameter). The bevel wheels can, there- 
10 cular arcs having separate, centres for both fore, for a given range of adjustment, be 75 

tracks, or again circular arcs of different made stronger or again for the same 

radii, or profiles of varying rurvoture. narrow-ended bevel wheels the gear pro- 

The transmission generator may comprise vides a larger range of adjustment. In 

a curve of circular profile or a profile dif- either case, the transmission gear may be 

15 f&ring from a circular fonn. If it is niore highly loaded and therefore trans- 80 

desired to keep both contact points ou 1he niit greater power because the transmis- 

same running track for each position of 81 °n generator when tilted works on a 

the transmission roller, in other words, if larger diameter. The construction accord- 

the possible running tracks on the trans- *ug to the invention is also well adapted 

20 mission roller lie in parallel planes, the *° satisfy strictly the conditions of pure 85 

definition generators must have a con- rolling movement. The triangle formed by 

tinuously varying curvature. *he line joining the two points of engage- 

A gear with a wide zone of wear on the me *it of the transmission generator and 

transmission roller* avoids the drawback tne tangents to these two points, should 

26 of rapid fatigue of the material with its ? or P^e rolling movement alwayB have 90 

detrimental consequences for the gear. On ** s apex where the tangents intersect nt 

the other hand, structural modifications tlle P oin t of intersection of the axis of 

of the prior art are to be expected because, rotation of tile transmission roller with 

as disclosed hereinafter, the law govern- the common axis of the bevel wheels and 
30 ing the shifting pf the transmission rollers should consist of two halves sym- 95 

is no longer a mere rotation round a point rootricajl with reference to the axis of rota- 

on the axis of rotation of the roller but is ticm of t* 16 transmission roller. It is, 

of a more intricate nature. The roller or therefore, necessary first to select a con- 

rollers may be constrained to move in the stmction for which the two points of con- 

35 curved path giving correct engagement tact are for every position of the trans- 100 

with the wheels which do not move mission roller on a common roller track, 

axially. It has been found, however, that When the roller is tilted out of its mid- 

the divergences are comparatively small position, the apex angle of the tangent 

for suitable dimensions of the parts, so triangle decreases while the altitude of 

40 that it is possible to retain pivoting of tho the triangle increases. Consequently, the 105 

axes of the transmission rollers about cor- two other angles contained between the 
reepondingly selected stationary axes pro- connecting the two points of contact 

vided certain arrangements are used ano * the tangents increase. If the roller 

which are in general in use in recent em- track remains the same during such tilt- 
45 bodiments for equalising pressure between ™*e required change of the angles is 110 

the different points of contact of the trans- obviously not possible. However, if the 

mission rollers. This may be done by a roller track moves to another parallel 

parallel movement of the transmission plane, the points of contaot in the new 

rollers perpendicailarly to their rolling P* ane ma y De suc h that the tangent con- 

50 axes or else by a rocking movement of the niti.on for pure rolling- movement is 115 

transmission rollers about an axis throtigh satisfied. Sow suitable profiles for the 

the centre of the roller and parallel to the definition and transmission ' generators 

axis about which the roller is tilted. ca * obtained will be described herein- 

In a gear according to the present in- after. 

55 vention, the operative diameter of the _ Some examples of embodiment of the 120 

transmission roller varies as it is tilted out invention together with a device and a 

of its mid-position. If at the same time method for designing and drawing the 

both contact pointy of the transmission definition generator are illustrated in the 

track move outwardly, that is to the ends accompanying drawings. 
60 of a larger diameter, further advantages Figures 1 and 2 show a gear wherein 125 

are obtained as regards reduction of wear the two points of contact of the transmis- 

and a larger range of adjustment. The sion roller move in the direction of tilting 

points of contact or of operation on the of the latter, one of said points being 

definition generators then move more shifted towards the larger diameter end 

65 rapidly along the larger diameter on the of the roller and the* other towards the 130 
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smaller diameter. 

Figures 3 and 4 show a gear wherein 
the points of contact of the transmission 
roller m^jve in the opposite direction to 
5 that of tilting, i.e. towards the smaller 
and larger diameter ends of the roller 
respectively. 

Figures 5 and 6 phow a gear wherein 
both points of engagement of the trans- 
10 mission roller move towards the larger 
diameter end of the roller as it is tilted 
away from iis mid-position. 

Figures 7 and 8 show an instrument for 
designing and drawing the definition 
generator of a change speed gear accord- 
ing^ to Figures 5 and 6. 

Figure 9 shows a change speed gear the 
Sent ^ wMch have & pure w>JHng> mpve- 

2Q Figure 10 illustrates a method of 
designing the definition generator in the 
case of such a change speed gear operating 
with a pure rolling motion. 

Figure 11 is a oUagrammaiic showing 
ZO of a practical embodiment of the' sear 
according to Figures 5 and 6. 

In Figures 1 to 6 and 9 to 11, the same 
reference numbers refer to the same parts, 
lurning first bo Figure 1, the references 
30 1 and 2 designate the bevel wheels, both 
of which are generated by the same defini- 
tion generator, and 3 designates the trans- 
mission roller; such a single transmission 
SLT 1 ^ replaced hy a plurality of 
35 rollers for instance by two rollers Ba and 
6b as in Figure 11, and each, roller is 

S3£ by th « 6ame 

Bl and B2 are the contact, or operating 
40 points where the definition and transmis- 
sion generators touch for the mid-position 
of the transmission roller. B\L and B x 2 
designate the location of said points when 
the roller has been tilted. S is the bearing 
46 point for the axis of rotation of the 
transmission roller. Ml and M2 are the 
centres 0 f curvature of the definition 
generators of the respective wheels 1 and 
2 while m and !N"2 are the corresponding 
50 centres of curvature of the transmission 
generator the same letters being provided 
with indicia for the corresponding points 
. m the tilted position of the roller. Fur- 
™*. ^ lres 1 to 4 show the lengths 

5™ W3S = e > the lengOw Nil Ml = 
M3X2=a., the distance between the line 
joining the poinfe Ml M2 and the main 
axis measured perpendicularly to the 
latter being equal to h and the distance 

00 between the line joining the points. Ml M2 
and the point S measured perpendicularly 
to the main axis being equal to i. 

Figures 1 and 2 illustrate the essential 
arrangement of a gear wherein the contact 

65 of the transmission roller with the bevel 



wheels is displaced over a wide area dur- 
ing adjustment instead of being restricted 
to a single track. In mid-position there 
is but a Bingle track- whereas when the 
roller is tinted the two contact points de- 70 
fine different tracks on the roller. This 
example of the invention has the draw- 
back that the difference in diameter of the 
two tracks on the roller acts as a supple- 
mentary speed-changing gear which re- 76 
duces the range of adjustment of the com- 
plete gear. Such an arrangement can be 
used, therefore, only within a range up to 
a ratio of say, 1 to 6, on either side of the 
mid-position of the roller. The definition 80 
generator and the transmission generator 
are both constituted by arcs of circles. The 
length e in this case is greater than the 
length a. The points of contact move, as 
apparent from the drawing, in the direc- 65 
tion of tilting of the roller. 

Figures 3 and 4 illustrate a similar 
arrangement where the contact points of 
the transmission roller move in -die oppo- 
site direction to that of tilting of the. 80 
roller. At the same time, the difference 
between the operative diameters of the 
transmission roller arising as a conse- 
quence of tilting acts as a supplementary 
change of speed adding its action to that 95 
of the gear as a whole, whereby the 
arrangement illustrated provides, in spite 
of the reduced length of the contact sur- 
faces on the bevel wheels 1 and 2, a range 
of ratios up to say 1 to 9.5. In this caselOO 
again, the definition generator and the 
transmission generator are both con- 
stituted by arcs of circles. In this exam- 
ple the length e is smaller than the length 
a ' .^^efo&v the distance i is additive or 105 
subtractive in relation to h is unimport- 
ant. In the above described embodiments, 
it is necessary to shift the bevel wheels 
axiallSy "when the transmission roller is 
being tilted for adjustment. hq 

Figures 5 and 6 illustrate a modifica- 
tion in which there is a continuous change 
of the radius of curvature of the definition 
generator of the bevel wheels 1 and 2. In 
this- case again, the transmission roller has 115 
a wide operating area, but the two contact 
points always move on the same track de- 
fining a plane which moves parallel with 
itself as the roller is trlted. Thus the 
position of the tangents becomes sym-120 
metrical with reference to the axis of rota- 
tion of the transmission roller. The 
change in curvature of the definition gen- 
erator is calculated in such a manner that 
the tangents at the contact points always 125 
pass through the intersection of the nwn 
axis with the axis of the transmission 
roller, that is the movement is a pure roll- 
ing movement for all positions. While in 
the first two examples the bevel wheels had 130 
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to be axially adjustable, they are station- 
ary in the present example. For this 
reason the axis of the transmission roller 
is arranged to be shift-able parallel with 
5 itself, for example by causing a surf ace F 
(Figure 5) rigid with the axis of the roller 
to roll on a freely rotating spindle S 
about which the adjustment of the roller 
is effected in the plane of the drawing. 

10 This allows a transverse shifting of the 
roller in the direction indicated by the 
double arrow E (Figure 5). The tilting 
of the transmission roller to adjust the 
gear ratio is effected in this case by a 

16 separate lever not shown, connected with 
the axis of the roller. 

Figures 7 and 8 illustrate a drawing 
instrument of the planianeter type for 
drawing the definition generator of a. gear 

20 according to Figures 5 and 6. The rods 1 
and 3 are rigid with one another and the 
rod 1 carries at its end a forlc 2; two 
similar pairs of rods 4 and 6 rigid with 
and perpendicular to, one another are also 

25 provided ; each pair of rods 4 and 6 carries 
at its intersection a roller 7 having a 
sharp edge and freely revoluble on the 
axis of the rod 6. The rods 4 carry forks 
5 adapted to co-operate pivotably with 

39 one another and with the fork 2. At the 
point* Nl and N2, the rod 3 is pivotally 
secured to the corresponding rod 0. The 
rollers may be inked with printing ink 
fed by inking rollers not illustrated, 

35 whereby they are able to draw their pnths 
on drawing paper laid underneath them. 
Now, if a pencil held at the intersection 
of the fprks 2 and 5 is caused to move 
along a line AA corresjKmding to the 

40 principal axis of the transmission gear in 
the plane of the drawing, the roller 7 will 
draw the curve appearing in Figure 8 as 
shown at Bl — B*l or B2 — B'2 so accur- 
ately laying out the desired shape for the 

45 definition generator. The intersection O 
between the rods 1 and 3 simultaneously 
describes the path illustrated in Figures 
7 and 8- The curve thu.s obtained has a 
strong resemblance to a cycloid and has in 

50 common with the latter the property of 
closely approximating the arc of a circle 
over a comparatively considerable length . 
This property is made use of in respect of 
the above described shifting of the roller 

56 axis in relation to the axis of the bearing 
point shaft which is stationary in space. 
The axis of the bearing point shaft S in 
Figure o lies somewhat nearer the main 
shaft, than the centre of curvature M of 

00 the definition generator at the mid-posi- 
tmn-and it lies in fact a1 the centre of the 
nr<*. of a circle substituted for thc» above 
eyclofd. Over an an#le of tilt up to about 
45°, ii is possible to use this substitute arc* 

65 with mi t any difficulty. The practical con- 



struction may comprise a flat bearing sur- 
face carried at the end of the roller axis, 
as described above, which rolls in contact 
with the surface of the freely rotatable 
shaft S, or again, as in the ease of Figure 70 
11 described hereinafter, it is possible to 
use two plane surfaces sliding over one 
another. 

Another possible method for accurately 
drawing the definition generator is illus- 76 
trated in Figures 9 and dO. In contradis- 
tinction to Figures 7 and 8, the axis of 
rotation of the transmission roller is sup- 
posed to be capable of tilting about the 
stationary point S without any shifting of 80 
the axis parallel with itself. The outline 
of the definition generator is obtained as 
follows : — For the different positions of 
the transmission roller, the tangents to 
said roller are drawn, taking into account 86 
the conditions which govern a pure rolling 
movement, namely that these tangents 
must pass through the intersection of the 
axes of the two parts rolling on one an- 
other. It is thus possible to obtain, start- 90 
ing from the tangents and by integration, 
surfaces enveloping the desired .outline, 
the integration being effected in the pre- 
sent case graphically. In Figure 10 the 
points Ml, M2, etc, are typical of the re- 95 
quired intersections of the tangent from 
the corresponding points Tl, T2, etc. with 
the axin of the roller and the gyg-i^ y<y of 
the wheels. The lines aX, <&, o3 are 
typical of lines parallel to the axis yy 100 
upon which the tangent point must be 
located when the roller is in contact with, 
the wheel. Across each of these lines is 
drawn a series of short lines parallel to 
the corresponding tangent. A smooth 106 
curve can then be drawn such that it 
crosses each of these lines cri., etc. in the 
same direction as the corresponding set of 
parallel lines. Such a smooth curve is the 
required profile and is indicated by Tl xl ,110 
Tii 11 . Dl, D2, D3 are corresponding posi- 
tions of the mrd point o| the outer face of 
the roller. rJH f <*2 are corresponding 
angles of tilt. C is the centre about which 
the adjustment is made, and xx the axis 116 
of the roller in mid position. The curve 
obtained has a certain apparent similarity 
with that of Figures 5 and 6, although it 
represents a different mathematical func- 
tion. The increase of the curvature from 120 
the inner end to the outer end is more 
rapid. In this case the bevel wheels 1 and 
2 must be shifted axially during adjust- 
ment. 

The possibilities of laying out the gen- 125 
orator of the bevel friction wheels are by 
no means exhausted by the examples 
given above. Above all, ffc is possible to 
carry out both methods not only graphic- 
ally but also analytically. " " 130 



B 



6*3,168 



Tlie curves described and illustrated for 
generating tke surf acesof the friction 
wheels are only a few of ike numerous 
possible embodiments of the invention. In 
5 particular, the transmission generator 
may depairtj from circularity and may for 
instance be a curve with a varying .curva- 
ture. This possibility has an important 
effect on the shape of the definition gener- 

10 ator. * 

Figure ill illustrates a gear wherein the 
definition and transmission generators 
correspond to those of Figures 5 and 6. It 
will be seen that such a gear operating 

IS with a pure rolling motion and having a 
wide range of adjustment is by no means 
more complicated in its structure than the 
usual prior arrangements of the rotary 
roller type. 

20 The bevel wheels 1 and 2 of the gear of 
Figure Ijl are carried by shafts 6 and 8 
joumalled by main bearings 7 and 9 in a 
casing 10. On the shafts are spacing 
rings 18 and .19 for accurately locating 

25 the position of the wheels jL and 2 with 
reference to the transmission rollers ; and 
a thrust spring 11 produces the operating 
pressure. This can be replaced by a pro- 
portional pressure device or may be sup- 

30 pigmented by such a proportional pressure 
device. 

In accordance with the known art, the 
tilt axes ha and 5o for tke rollers are 
mounted in a pressure^ balancing frame 14 

35 held slidable - perpendicular to the main 
axis of the gear by bolts 12 secured by 
nuts IS. Yokes 4a and 46 associated with 
the- spindles of the transmission rollers 
*Sa and- 3b are adapted to slide in relation 

40 to shoes 2,1a carried by the tilt axes ba and 
56- Bods 20a and 20b rigid with the 
shoes prevent the shoes from coming off. 
At the centre of the gear are provided 
counter-bearings 15 and 16 connected 

45 with one Another by a holder 17 and sup- 
porting the bevel wheels 1 and 2. The 
cost of construction corresponds to- that of 
prior arrangements with "Hie advantage, 
however, of a pure rolling motion and of 

5Q uniform wear of the transmission rollers. 
By reason of the pure rolling motion, 
it is possible tu increase considerably the 
conformity factor or bearing of the parts 
against one another in the plane of the 

55 drawing, to the order of that used in pre- 
sent day grooved ball bearings or barrel- 
roller bearings. Thus an elongated pres- 
sure ellipse having a very long major axis 
is obtained. This gives a multifold in- 

60 crease in the load capacity of the contact- 
ing surfaces. It is thus possible to use a 
lower specific pressure,, in other words, to 
omit hardening of the rolling surface. 
Owing to the avoidance of the evolution 

65 of heat and of the heat sensitivity of hard- 



ened surfaces/ it is possible to abandon 
the use~of a copling-oil bath. The dry- 
running gear (the separate lubrication 
and sealing off the main bearings is not 
shown in the drawings) has a substantially 70 
higher frictional coemcent which more- 
over falls off very little when the peri- 
pheral speed increases. Tke improved 
frictipnal conditions open the possibility 
of running tke gear at a higher speed, 76 
of building larger gears, and of obtaining 
higher throughputs fox given sizes be- 
cause both the torque that can be trans- 
mitted and the speed of rotation that can 
be used can both be greatly increased. 80 
What I claim is : — 

1. A change speed gear of the type set 
forth in which the definition generator of 
tke bevel wheels and tke transmission 
generator of the transmission roller or 85 
rollers are of such shape that the position 

of the operative contact points of the 
transmission roller or rollers with the fric- 
tion wheels varies on the roller or rollers 
with the tilting thereof. 90 

2. A change speed gear as claimed in 
claim 1 in which during tilting of the 
roller or rollers the wheels do not move 
axially but the ©r each roller is con- 
strained to move in a curved path which 85 
correctly engages it with the wheels. 

S. A change speed gear as claimed in 
claim 1 in which with the tilting of the 
transmission rojler or rollers each about a 
stationary axis, is associated a comple- 100 
mentary movement either of the bevel 
wheels or of the transmission roller, de- 
pending on the law governing the shape 
of the operating surfaces of. the wheels 
and Tollers. 105 

4. A change speed gear as claimed in 
claim 3 in wkich the complementary 
movement comprises a translational slid- 
ing of the axis of the transmission roller 
perpendicular to itself in the manner 110 
known for pressure compensation, or a 
rocking movement of the transmission 
roller about an axis through the centre of 
the roller and parallel to tke axis aboutt 
which the roller is tilted. 115 

5. A change speed gear ns claimed in 
any of the preceding claims, in which the 
operative diameter of the transmission 
roller increases when the roller is tilted 
away froan its mid-positron. 120 

6. A change speed gear of the type set 
forth or as claimed in any preceding* 
claim in which at all adjustments the 
tangents to the points of contact between 
the bevel wheels and the transmission 125 
roller pass through the intersection of the 
axes of the wheels and roller. 

7. A change speed gear as claimed in 
any preceding claim in which tke curva- 
ture of tke definition generator varies con- 130 
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• tintiously while the transmission gener- 
ator is constituted by a circular arc. 

8. A change speed «*eur us claimed in 
claim 7 and having the trauslational slid- 

5 ing of the axis o£ the transmission roller 
specified in claim 4 in which th e said 
translational sliding is obtained by caus- 
ing a point on the axis of tJie transmission 
roller to follow the circular arc which 

10 approximates to the true, cycloid-like 
eurve, said arc having its ceutre somewhat 
nearer the axis of the bevel wheels than 
does the centre of the transmission gener- 
ator at mid jiosition. 
15 9. A change speed gear as claimed in 
claim 8 in which the translational sliding 
is effected by the rolling of a flat bearing 
surface on the end of the roller shaft, on 



the surface of a freely rotatable shaft the 
surface of which constitutes the circular 20 
arc approximating to the true curve. 

10. A gear as claimed an any of claims 
1 to 6 in which the curvature of the de- 
finition generator and also of the trans- 
mission generator both vary; continuously. 26 

11. The several constructions of change 
speed gear o.f the type set forth and means 
for drawing the definition generators 
thereof substantially as described with 
reference to and as shown in the accom- 30 
panying drawings. 
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